Abstract-The turnover rates, rate constants and half-life values of neuronal hista mine (HA) in 10 nuclei of the rat hypothalamus were estimated from the depletion of HA induced by a-fluoromethylhistidine (a-FMH: 100 mg/kg, i.p.), a specific inhibitor of histidine decarboxylase, on the presumption that a-FMH depletable HA pools represent neuronal ones.
Abstract-The turnover rates, rate constants and half-life values of neuronal hista mine (HA) in 10 nuclei of the rat hypothalamus were estimated from the depletion of HA induced by a-fluoromethylhistidine (a-FMH: 100 mg/kg, i.p.), a specific inhibitor of histidine decarboxylase, on the presumption that a-FMH depletable HA pools represent neuronal ones.
Marked variation in the HA turnover rates were observed among the hypothalamic nuclei, ranging from 5.7 to 19.5 pmole/mg protein/hr.
Histamine (HA) is a putative neurotrans mitter in the mammalian brain (1) . Immuno histochemical evidence (2) has demonstrated that the perikarya of histaminergic neurons localized in the posterior part of the hypo thalamus give rise to fibers which are widely but unevenly distributed throughout the brain. The hypothalamus contains the highest density of histaminergic fibers (2) . Both the concentration and turnover rate of HA are also highest in the hypothalamus (3, 4) . Although the regional distribution of HA within the rat hypothalamus has been reported (5), there has been no study on the HA turnover rates in discrete hypothalamic nuclei.
Although the precise physiological roles of histaminergic neurons remain to be clarified, intracerebrally injected HA causes changes in a number of hypothalamic functions (6) such as hormone secretion, food and water intake, regulation of body temperature and sleep wakefulness.
In light of these effects of exogenously administered HA, the determi nation of HA turnover rates in the individual hypothalamic nuclei seems to be of value in the search for the functional significance of histaminergic neurons. Recently, we esti mated HA turnover rates in the hypothalamic nuclei of rats, on the basis of the rate of ac cumulation of to/e-methylhistamine (t-MH), a predominant metabolite of brain HA, after pargyline treatment (7). However, there was no information about the parameters deter minings HA turnover time such as the rate constant and half-life in the individual nuclei.
In the present study, we measured the rate of HA depletion by a-fluoromethylhistidine (a-FMH), an inhibitor of histidine decar boxylase (8) , for the estimation of the turnover rate, rate constant and half-life of neuronal HA in 10 nuclei of the rat hypo thalamus.
Male Wistar rats weighing 250-300 g (Seiwa Experimental Animals, Fukuoka, Ja pan) were used. They were housed in groups in a room controlled at 22±1 °C and main tained in an alternating 12-hr light/dark cycle (lights on at 06.00 hr). Experiments were performed between 12.00 and 15.00 hr. Rats were decapitated, and the brains were quickly removed and immersed in ice cold saline. The brains were frozen in a freezer at -40°C and cut into serial frontal sections, 300-,um thick, in a cryostat maintained at -20°C, starting at the level of the anterior commissure. Hypothalamic nuclei were removed from the frozen sections using a needle (500-,um inside diameter), according to the method of Palkovits et al. al. (10) with modifications, using high per formance liquid chromatography with fluo rescence detection. This method is highly sensitive, and it enables the detection of 3 pg of HA. Briefly, the tissues were homogenized with 100 ,r l of 0.2 M perchloric acid using an ultrasonic disruptor (UP-200, Tomy Seiko, Osaka, Japan) and centrifuged at 10,000 x g for 30 min at 4°C. An 50-Sal aliquot of the supernatant was directly injected into the H PLC. The system was composed of four pumps (CCPM, Toyo Soda, Tokyo, Japan) serving to independently deliver the mobile phase or reagents, a stainless steel guard column (50x4.0 mm inside diameter) packed with Nucleosil C18 (5-,cm spherical form; Chemco Scientific, Osaka, Japan), a stainless steel separation column (150x4.0 mm, inside diameter) packed with cation exchange resin (SP-2SW, 5-,um spherical form; Toyo Soda), a thermostatic reactor (RE 8010, Toyo Soda) and a fluorescence spectromonitor (RF-535, Shimadzu, Kyoto, Japan). The eluate from the separation column with 0.25 M potassium dihydrogen phosphate (0.6 ml/min) was mixed with 3.5 M sodium hydroxide (0.13 ml/min) and 0.1% o-phthalaldehyde (0.14 ml/min) in a coil of teflon tubing (5mx0.25 mm, inside diameter) at 50°C to form fluo rescent derivatives of HA with o-phthalalde hyde, and then 4 M phosphoric acid (0.18 ml/min) was added to the reaction product via another teflon tube (2 mx0.25 mm, inside diameter) to stop the reaction. The fluores cence intensity was measured at an excitation wavelength of 350 nm and at an emission wavelength of 450 nm. The HA turnover rate was estimated from the rate of HA depletion after the injection of a-FMH (100 mg/kg, i.p.). Since maximal HA depletion was observed 2-4 hr after the a-FMH injection (11), the remaining HA was assumed to be in non-neuronal pools, such as mast cells. On the assumption that the non-neuronal HA levels were equal, we estimated the levels of putative neuronal HA in each nucleus at 0, 45 and 90 min after a-FMH injection by subtracting the mean HA values in the cor responding nuclei of the group treated with a-FMH 4 hr before. The protein content in each tissue was determined by the method of Lowry et al. (12), using bovine serum albumin as the standard. As shown in Table 1 , the HA concen tration in each nucleus of the rat hypo thalamus was generally consistent with previous values obtained by radioenzymatic assay (5) . The HA concentration was gener ally higher in the posterior region (nuclei premammillaris ventralis and posterior) than in the anterior region (nuclei suprachias maticus, supraopticus, preopticus medialis and anterior). The percentage of neuronal HA in the rat hypothalamic nuclei determined in the present experiment varied between 30.1 and 55.6. From the amounts of neuronal HA remaining at 0, 45 and 90 min after a FMH injection, which are shown in paren theses in Table 1 , the rate constant (k) for the HA depletion in each nucleus was calculated. The half-life values for neuronal HA calculated as 0.693/k were between 40 and 68.2 min, which were compatible with the previously described value in the rat whole hypothalamus (56.6 min) (4). The HA turnover rate (kx initial level of neuronal HA) in each nucleus varied between 5.7 (nucleus lateralis) and 19.3 pmole/mg protein/hr (nucleus premam millaris ventralis). The HA turnover rates obtained in the present experiment were generally consistent with those reported previously (7) .
In the mammalian brain, subcellular locali zation of HA shows multi-compartmental character (13); and in the rat hypothalamus, a substantial amount of HA is derived from non-neuronal tissues, such as mast cells (4) . However, at present, there is no indisputable method available for kinetically distinguish ing HA in different compartments. HA in the brain is metabolized almost exclusively by HA-N-methyltransferase to t-MH (14), which is further deaminated by monoamine oxidase to to/e--methylimidazoleacetic acid (15). The t-MH levels exhibit a linear increase for a few hours after the injection of pargyline (3, 4) . In rats pretreated with a-FMH (50 mg/kg) 4 hr prior to pargyline injection, only a small accumulation of brain t-M H occurs (4), suggesting that neuronal HA has been almost completely depleted. Therefore, in the present experiment, we measured the levels of neuronal HA, by adopting the assumption that the HA levels in rats treated with a-FMH 4 hr before represent the levels of non neuronal HA. High HA turnover rates were observed in the nuclei premammillaris ven tralis and dorsomedialis, in which both histaminergic cell bodies and fibers are present as demonstrated by immunohisto chemical studies (2) . Therefore, it is likely that the HA turnover rates are high in regions containing histaminergic cell bodies. On the other hand, the rate constant or half-life of neuronal HA was not markedly different among various hypothalamic nuclei.
